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PROBLEM	  
•  Classifica4on	  is	  at	  the	  founda4on	  of	  an	  
effec4ve	  framework	  of	  regula4ons	  for	  UAS	  
•  Necessary	  to	  promulgate	  regula4ons	  
“appropriate”	  to	  a	  par4cular	  UAS	  and	  the	  
nature	  of	  its	  opera4ons	  
•  One	  size	  will	  not	  fit	  all	  
•  Conven4onal	  avia4on	  categories	  are	  not	  
appropriate	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WHAT	  ARE	  WE	  TRYING	  TO	  CLASSIFY?	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UAS	  data	  supplied	  from	  a	  database	  compiled	  and	  maintained	  by	  the	  Defence	  Science	  and	  Technology	  Organisa4on	  (DSTO),	  Australia.	  CPA	  data	  
obtained	  from	  Avia4on	  Week	  and	  Space	  Report	  and	  Jane’s	  All	  the	  World’s	  Aircra>.	  Reference	  [1].	  
CLASSIFICATION	  –	  GUIDING	  PRINCIPLES	  
•  The	  classifica4on	  system	  should	  be	  (Refs.	  [1,2]):	  
•  Con4guous	  	  
–  Provide	  unambiguous	  coverage	  
•  Complete	  
–  Cover	  all	  UAS	  (no	  gaps)	  
•  Sufficient	  resolu4on	  
–  Enough	  categories	  to	  ensure	  an	  appropriate	  tailoring	  of	  regula4on/
representa4on	  of	  the	  unique	  groupings	  within	  the	  fleet	  
•  Prac4cable	  
–  Provide	  a	  workable/usable	  solu4on	  for	  the	  regulator	  	  
•  Jus4fiable	  
–  Have	  a	  defensible	  basis	  on	  which	  to	  warrant	  the	  scheme	  and	  its	  costs	  to	  
industry	  
•  Transparent	  
–  All	  assump4ons,	  data	  and	  working	  should	  be	  disclosed	  
•  Objec4ve	  	  
–  be	  independent	  of	  the	  desires	  of	  any	  one	  stakeholder	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FOR	  WHAT	  REASON?	  
•  Classifica4on	  for	  UAS	  Airworthiness	  
–  development	  of	  type	  cer4fica4on	  categories	  for	  tailoring	  and	  
promulga4on	  of	  standards	  and	  prac4ces	  rela4ng	  to	  the	  design,	  
manufacture,	  maintenance	  and	  opera4on	  of	  UAS	  
–  for	  the	  management	  of	  the	  risks	  to	  the	  people	  and	  property	  over-­‐
flown	  
•  Classifica4on	  for	  UAS	  Opera4ons	  
–  VFR/IFR?	  CLASS	  A,	  B,	  C	  –	  F	  Airspace?	  Relevant	  to	  UAS?	  
–  categories	  of	  UAS	  opera4ons	  for	  tailoring	  and	  promulga4on	  of	  
equipage	  and	  procedures	  within	  the	  airspace	  system	  	  
–  ensure	  the	  safety	  of	  UAS	  opera4ons	  alongside	  other	  airspace	  users	  
and	  to	  maintain	  the	  efficiency	  of	  the	  airspace	  system	  
•  Must	  consider	  a	  “system	  of	  systems”:	  the	  UAS	  (aircra>,	  ground,	  
communica4ons,	  …)	  and	  its	  environment	  (ATM	  system,	  airspace	  
users,	  weather,	  areas	  overflown,	  …)	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CLASSIFICATION	  FOR	  AIRWORTHINESS	  
•  Purpose	  of	  airworthiness	  regula4ons	  is	  to	  manage	  the	  risk	  to	  
people	  over	  flown	  (Chicago	  Conven4on	  1944)	  
•  Risk	  is	  not	  constrained	  to	  the	  proper4es	  of	  the	  UAS,	  must	  also	  
consider	  where	  it	  is	  being	  operated	  
	  …with	  a	  manned	  aircra.	  you	  have	  to	  build	  to	  the	  same	  standard	  no	  
ma6er	  what	  is	  underneath	  you,	  but	  among	  unmanned	  aircra.,	  acceptable	  
safety	  for	  flights	  exclusively	  over	  oceans	  can	  be	  achieved	  with	  rather	  more	  
rickety	  machines	  than	  would	  be	  fit	  to	  fly	  over	  a	  city.	  [3]	  
•  Classifica4on	  must	  par44on	  the	  diversity	  of	  UAS	  opera4ons	  over	  
inhabited	  areas	  into	  categories	  for	  which	  regula4ons	  can	  then	  be	  
developed	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AIRWORTHINESS	  FRAMEWORK	  	  
(PART	  21	  EQUIVALENT	  FOR	  UAS)	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CLASSIFICATION	  FOR	  AIRWORTHINESS	  
•  Type	  Category	  (the	  columns)	  -­‐	  Classifica4on	  of	  UAS	  based	  on	  the	  poten4al	  harm	  
they	  can	  cause	  	  
–  defined	  independent	  of	  where	  they	  are	  flown	  
•  Opera4onal	  Environments	  (the	  rows)	  -­‐	  Classifica4on	  of	  the	  areas	  overflown	  based	  
on	  their	  suscep4bility	  to	  a	  UAS	  crash	  
–  defined	  independent	  of	  the	  type	  of	  UAS	  over-­‐flying	  the	  area	  
•  Opera4onal	  Scenarios	  (the	  cells)	  –	  Combina4on	  of	  a	  par4cular	  UAS	  Type	  with	  a	  
par4cular	  OperaEonal	  Environment	  defines	  a	  unique	  OperaEonal	  Scenario	  for	  
which	  the	  risks	  can	  then	  be	  determined	  
•  Airworthiness	  Categories	  (the	  colouring	  of	  the	  cells)	  –	  Opera4onal	  Scenarios	  (cells)	  
of	  a	  similar	  level	  of	  risk	  are	  assigned	  to	  the	  same	  “airworthiness	  cer4fica4on	  
category”	  for	  which	  regula4ons	  can	  then	  be	  developed	  in	  line	  with	  the	  risk.	  
•  Detailed	  discussion	  of	  the	  framework,	  its	  advantages	  and	  disadvantages,	  is	  
provided	  in	  REFS	  [2,	  4]	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RESULTS	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RESULTS	  –	  INDIVIDUAL	  RISK	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X-­‐45C	  
RQ-­‐11A/B	  Raven	  
FQM-­‐151A	  Pointer	  
Brumby,	  Mk3	  
Black	  Widow	  
Wasp	  II	  
RQ-­‐14A	  Dragon	  Eye	  
KillerBee	  2	  
Aerosonde	  Mk	  4	  
ScanEagle,	  A-­‐15	  
RQ-­‐7A,	  Shadow	  200	  
RQ-­‐2A/B	  Pioneer	  
I-­‐View	  250	  
Shadow	  600	  
Sky	  Lark	  IV	  
Helios	  
MQ-­‐5C	  e-­‐Hunter	  
M/RQ-­‐1B	  Predator	  
Heron	  1	  
MQ-12A  Sky Warrior	  
RQ-­‐3A	  DarkStar	  
Taranis	  
RQ-­‐4B	  Global	  Hawk	  	  
RQ-­‐37A	  	  
MQ-­‐9B	  Reaper	  
Centurion	  
CL-­‐89_Midge	  
Scarab	  
Sky-­‐X	  
Eagle	  Eye	  
Mobius	  4	  
Beech_King_Air_B200	  
RV-­‐7	  
MC-­‐10	  Cri	  Cri	  
Super_Zodiac_CH601_HDS	  
Grob	  G102	  	  
As4r	  CS-­‐Glider	  
Cessna	  172	  
Grumman	  	  
G73	  Mallard	  
Bombardier	  	  
Q400-­‐Dash8	  
Embraer	  
ERJ-­‐145ER	  
Beech	  Beechjet	  400A	  
Honda	  HA-­‐420	  
HondaJet	  
Boeing	  C17A	  
Boeing	  737-­‐700	  
FA-­‐18E_Hornet	  
Sparrow	  
FINAL	  TYPE	  CLASSIFICATION	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Type Category Boundary Conditions Example UAS 
1 KEmax  < 42 J Black Widow, Hornet 
2 42 J ≤  KEmax < 1,356 J Pointer, Raven 
3 1,356 J ≤ KEmax < 13,560 J ScanEagle, Aerosonde Mk4 
4 13,560 J ≤ KEmax  Iarea < 347 m2 Shadow 600 
5 13,560 J ≤ KEmax  347 m2 ≤  Iarea 
Heron 1, Taranis, 
Global Hawk 
SUMMARY	  OF	  AIRWORTHINESS	  
CLASSIFICATION	  
•  Classifica4on	  of	  opera4onal	  environment	  is	  
subject	  of	  future	  work	  
•  Type	  classifica4on	  approach	  is	  risk-­‐based	  
– Uses	  a	  database	  of	  current	  
– Based	  on	  conserva4ve	  casualty	  models	  (higher	  
fidelity	  modelling	  could	  be	  used)	  
– Uses	  mathema4cal	  clustering	  to	  ascertain	  
categories	  where	  there	  is	  no	  “easy”	  dis4nc4on	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CLASSIFICATION	  FOR	  AIRSPACE	  OPERATIONS	  
•  Primary	  purpose	  is	  to	  develop	  and	  promulgate	  
regula4ons	  on	  UAS	  opera4ons	  so	  as	  to	  manage	  the	  risk	  
to	  other	  airspace	  users	  due	  to	  a	  midair	  collision	  
–  More	  than	  just	  IFR/VFR	  and	  Class	  A-­‐F	  
–  Must	  consider	  all	  “layers	  of	  defence”	  
–  Distribu4on,	  type,	  task	  loading	  and	  equipage	  of	  other	  
airspace	  users	  
–  Both	  sides	  of	  the	  collision	  equa4on	  (see	  and	  be	  seen)	  
–  Poten4al	  for	  damage	  to	  other	  aircra>	  (>2kg,	  FAR	  25.631	  
and	  FAR	  35.36)	  
–  ATM	  services	  provided	  and	  requirements	  
–  Flight	  planning	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BRINGING	  THEM	  TOGETHER?	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SUMMARY	  STATEMENTS	  
•  Plethora	  of	  exis4ng	  classifica4on	  approaches	  
–  Why	  haven’t	  they	  been	  taken	  up?	  
•  Key	  points	  
–  Iden4fy	  the	  regulatory	  purpose	  for	  the	  classifica4on	  
scheme	  
–  S4ck	  to	  the	  guiding	  principles	  
–  Risk	  cannot	  be	  argued	  with	  (it’s	  why	  regula4ons	  are	  
developed)	  
–  Different	  schemes	  and	  approaches	  may	  be	  needed	  for	  
different	  opera4onal	  contexts	  (e.g.,	  Australia,	  Canada	  
vs	  Europe)	  however,	  the	  approach	  should	  be	  common	  
to	  facilitate	  a	  mapping	  between	  schemes	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